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Resting spore formation is a common phenomenon in some species of diatoms 
during adverse environment conditions. There are various factors which can affect 
diatom resting spore formation, and nitrogen (N) deficiency is the most important one. 
At present, studies about N nutrition of resting spores mostly concentrate on the 
effects of N sources on resting spore formation. We barely understood the changes of 
N status during resting spore formation. 
At first, we investigated the effects of different concentrations of N and 
phosphorus (P) on resting spore formation of diatom using Ditylum brightwellii 
(MMDL5153) as a model in this paper. Then the intracellular free amino acids (FAAs) 
and the ratio of glutamate to glutamine (Gln/Glu) were used as indexes to indicate 
intracellular N status of D.brightwellii. We focused on the changes of intracellular N 
status during the formation of D. brightwelii resting spores. Our results contributed to 
the further understanding of N metabolism during resting spore formation. The main 
results were showed as follows: 
(1) The lower the N initial concentration was, the earlier the resting spores of D. 
brightwellii came into being. Resting spores formed when the N concentration in the 
medium was reduced to lower than 27µM. What’s more, the N and P concentrations 
had a mutual influence on the formation of resting spores. 
(2) Four kinds of cells/spores with different morphologies were observed in the 
medium. They were normal vegetative cells, protoplasm-concentrating cells, primary 
valve-forming spores and secondary valve-forming spores. And our results indicated 
that the silicon (Si) content of frustle of resting spore was about 1.5 times more than 
that of vegetative cell for D. brightwellii. 
(3) In general, the resting spore formation of D. brightwellii was a process that 
intracellular N-limitation strengthened consistently. The average content of 
intracellular total amino acids (TFAAs) in D. brightwellii was only 0.015pmol/cell 
while the percentage of resting spores was up to 67.63%. Then it decreased greatly 
















N status was highly depleted in the resting spores. The formation of resting spores 
lagged behind extracellular N-limitation， but it coincided to the changes of 
intracellular N status. In addition, the ratio of Gln/Glu showed the changes of 
intracellular N status during the formation of resting spores. 
(4) The intracellular N status changed from N-repletion or N-sufficiency to 
N-stress gradually before the resting spores of D. brightwellii came into being. 
(5) There were mainly five kinds of intracellular FAAs involved in the formation 
of D. brightwellii resting spores, including glutamate (Glu), alanine (Ala), valine 
(Val), proline (Pro) and histidine (His). These AAs may associate with different 
metabolic mechanism, such as the regulation of C-N metabolism in the cell, the 
biosynthesis of thick spore wall and the changes of osmotic stress caused by 
N-deprivation. 

































Asp: Aspartic acid（天冬氨酸） 
Cys: Cysteine（半胱氨酸） 


































DIN: Dissolved Inorganic Nitrogen（无机氮） 
ESAW: Enriched Seawater, Artificial Water（人工海水） 
FAA: Free Amino Acid（游离氨基酸） 
GDH: Glutamic Dehydrogenase（谷氨酸脱氢酶） 
GOGAT: Glutamine-Oxoglutarate Aminotransferase（谷氨 酸合酶） 
GS: Glutamine Synthase（谷氨酰胺合成酶） 
HPLC: High Performance Liquid Chromatography（高效液相色谱） 










































（引自 Gloria 等人，2012） 
图 1.1 角毛藻属的休眠孢子（标尺=5μm，扫描电镜)[10] 
(A)根状角毛藻/绕孢角毛藻1；(B)柔弱角毛藻；(C)冕孢角毛藻；(D)冠孢角毛藻 
Fig. 1.1 Resting spores of the diatom genus Chaetoceros (Bar = 5μm, SEM)[10] 
(A) C. radicans/cinctus
*
. (B) C. debilis. (C) C. diadema. (D) C. coronatus 
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